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(54)
WTRU WITH REDUCED BANDWIDTH

(67) Embodiments described herein may include
methods, systems, and apparatuses that support trans-
missions in wireless transmit and receive units (WTRUSs)
having reduced capabilities. Uplink transmissions and
multimedia broadcast multicast service (MBMS) may be
supported in WTRUs operating on a reduced bandwidth
within an overall system bandwidth by receiving an uplink
(UL) resource allocation within the reduced bandwidth,
and sending a transmission over the UL resource allo-
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Description
CROSS REFERENCE TO RELATED APPLICATIONS
BACKGROUND

[0001] Due to cost and complexity issues, a low-cost wireless transmit and receive unit (WTRU) may have one more
reduced capabilities as compared to regular (i.e., more complex) WTRUs. Low-cost WTRUs may be restricted by, for
example, a reduced bandwidth, a single receiver mode (Rx), or a transport block size (TBS) restriction. Hence, methods
and procedures may be needed to enable communication and proper operation to support the coexistence of low-cost
WTRUs and regular WTRUSs.

SUMMARY

[0002] In an embodiment, a method of for supporting uplink transmissions in a wireless transmit and receive unit
(WTRU) operating on a reduced bandwidth of a system bandwidth is disclosed. The method may include: determining
a frequency location of the reduced bandwidth within the system bandwidth for an uplink (UL) transmission; determining
an UL resource for a physical uplink control channel (PUCCH) transmission within the determined frequency location
of the reduced bandwidth; and sending a PUCCH in the determined reduced bandwidth and UL resource.

[0003] In an embodiment, wireless transmit/receive unit (WTRU) supporting uplink transmissions and multimedia
broadcast multicast service (MBMS) while operating on a reduced bandwidth of a system bandwidth, is disclosed. The
WTRU may include: circuitry configured to determine a frequency location of the reduced bandwidth within the system
bandwidth for an uplink (UL) transmission; circuitry configured to determine an UL resource for a physical uplink control
channel (PUCCH) transmission within the determined frequency location of the reduced bandwidth; and circuitry con-
figured to send a PUCCH in the determined reduced bandwidth and UL resource.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Amoredetailed understanding may be had from the following description, given by way of example in conjunction
with the accompanying drawings wherein:

FIG. 1A is a system diagram of an example communications system in which one or more disclosed embodiments
may be implemented;

FIG. 1B is a system diagram of an example wireless transmit/receive unit (WTRU) that may be used within the
communications system illustrated in FIG. 1A;

FIG. 1C is a system diagram of an example radio access network and an example core network that may be used
within the communications system illustrated in FIG. 1A;

FIG. 2 is a mapping of modulation symbols for a physical uplink control channel (PUCCH);

FIG. 3 is a logical network architecture for an Evolved Multimedia Broadcast/Multicast Service (eMBMS);

FIG. 4 is an example of a Type-A low-cost physical uplink control channel (LC-PUCCH) resource allocation in a
reduced bandwidth of a low-cost wireless transmit and receive unit (WTRU);

FIG. 5 is an example of a Type-B LC-PUCCH resource allocation in a reduced bandwidth of a low-cost WTRU;
FIG. 6 is an example of a Type-C LC-PUCCH resource allocation in a reduced bandwidth of a low-cost WTRU; and
FIG. 7 illustrates multiple LC-PUCCH resource configurations.

DETAILED DESCRIPTION

[0005] Embodiments described herein may include methods, systems, and apparatuses that support transmissions
in wireless transmit and receive units (WTRUSs) having reduced capabilities. It should be noted that hereinafter, the terms
low-cost WTRU, LC-MTC, reduced capability WTRU, low-cost WTRU with reduced capability, limited capability WTRU,
and low-cost WTRU with limited capability may be interchangeably used and are notintended to be limiting. Also, WTRU,
regular Long Term Evolution (LTE) WTRU, LTE WTRU, legacy WTRU, WTRU without reduced capability, and WTRU
without limited capability may be used interchangeably and are not intended to be limiting.

[0006] Referring now to FIG. 1A, a diagram of an example communications system 100 in which one or more disclosed
embodiments may be implemented is shown. The communications system 100 may be a multiple access system that
provides content, such as voice, data, video, messaging, broadcast, etc., to multiple wireless users. The communications
system 100 may enable multiple wireless users to access such content through the sharing of system resources, including
wireless bandwidth. For example, the communications systems 100 may employ one or more channel access methods,
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such as code division multiple access (CDMA), time division multiple access (TDMA), frequency division multiple access
(FDMA), orthogonal FDMA (OFDMA), single-carrier FDMA (SC-FDMA), and the like.

[0007] As shown in FIG. 1A, the communications system 100 may include wireless transmit/receive units (WTRUSs)
102a, 102b, 102c, 102d, a radio access network (RAN) 104, a core network 106, a public switched telephone network
(PSTN) 108, the Internet 110, and other networks 112, though it will be appreciated that the disclosed embodiments
contemplate any number of WTRUSs, base stations, networks, and/or network elements. Each of the WTRUs 102a, 102b,
102c, 102d may be any type of device configured to operate and/or communicate in a wireless environment. By way of
example, the WTRUs 102a, 102b, 102¢, 102d may be configured to transmit and/or receive wireless signals and may
include user equipment (UE), a mobile station, a fixed or mobile subscriber unit, a pager, a cellular telephone, a personal
digital assistant (PDA), a smartphone, a laptop, a netbook, a personal computer, a wireless sensor, consumer electronics,
and the like.

[0008] The communications systems 100 may also include a base station 114a and a base station 114b. Each of the
base stations 114a, 114b may be any type of device configured to wirelessly interface with at least one of the WTRUs
102a, 102b, 102c, 102d to facilitate access to one or more communication networks, such as the core network 106, the
Internet 110, and/or the other networks 112. By way of example, the base stations 114a, 114b may be a base transceiver
station (BTS), a Node-B, an eNode B, a Home Node B, a Home eNode B, a site controller, an access point (AP), a
wireless router, and the like. While the base stations 114a, 114b are each depicted as a single element, it will be
appreciated that the base stations 114a, 114b may include any number of interconnected base stations and/or network
elements.

[0009] The base station 114a may be part of the RAN 104, which may also include other base stations and/or network
elements (not shown), such as a base station controller (BSC), a radio network controller (RNC), relay nodes, etc. The
base station 114a and/or the base station 114b may be configured to transmit and/or receive wireless signals within a
particular geographic region, which may be referred to as a cell (not shown). The cell may further be divided into cell
sectors. For example, the cell associated with the base station 114a may be divided into three sectors. Thus, in one
embodiment, the base station 114a may include three transceivers, i.e., one for each sector of the cell. In another
embodiment, the base station 114a may employ multiple-input multiple-output (MIMO) technology and, therefore, may
utilize multiple transceivers for each sector of the cell.

[0010] The base stations 114a, 114b may communicate with one or more of the WTRUs 102a, 102b, 102c, 102d over
an air interface 116, which may be any suitable wireless communication link (e.g., radio frequency (RF), microwave,
infrared (IR), ultraviolet (UV), visible light, etc.). The air interface 116 may be established using any suitable radio access
technology (RAT).

[0011] More specifically, as noted above, the communications system 100 may be a multiple access system and may
employ one or more channel access schemes, such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and the like. For
example, the base station 114a in the RAN 104 and the WTRUs 102a, 102b, 102c may implement a radio technology
such as Universal Mobile Telecommunications System (UMTS) Terrestrial Radio Access (UTRA), which may establish
the air interface 116 using wideband CDMA (WCDMA). WCDMA may include communication protocols such as High-
Speed Packet Access (HSPA) and/or Evolved HSPA (HSPA+). HSPA may include High-Speed Downlink Packet Access
(HSDPA) and/or High-Speed Uplink Packet Access (HSUPA).

[0012] In another embodiment, the base station 114a and the WTRUs 102a, 102b, 102c may implement a radio
technology such as Evolved UMTS Terrestrial Radio Access (E-UTRA), which may establish the air interface 116 using
Long Term Evolution (LTE) and/or LTE-Advanced (LTE-A).

[0013] In other embodiments, the base station 114a and the WTRUs 102a, 102b, 102c may implement radio technol-
ogies such as IEEE 802.16 (i.e., Worldwide Interoperability for Microwave Access (WiMAX)), CDMA2000, CDMA2000
1X, CDMA2000 EV-DO, Interim Standard 2000 (1S-2000), Interim Standard 95 (1S-95), Interim Standard 856 (IS-856),
Global System for Mobile communications (GSM), Enhanced Data rates for GSM Evolution (EDGE), GSM EDGE (GER-
AN), and the like.

[0014] The base station 114b in FIG. 1A may be a wireless router, Home Node B, Home eNode B, or access point,
for example, and may utilize any suitable RAT for facilitating wireless connectivity in a localized area, such as a place
of business, a home, a vehicle, a campus, and the like. In one embodiment, the base station 114b and the WTRUs 102c,
102d may implement a radio technology such as IEEE 802.11 to establish a wireless local area network (WLAN). In
another embodiment, the base station 114b and the WTRUs 102c, 102d may implement a radio technology such as
IEEE 802.15 to establish a wireless personal area network (WPAN). In yet another embodiment, the base station 114b
and the WTRUs 102c, 102d may utilize a cellular-based RAT (e.g., WCDMA, CDMA2000, GSM, LTE, LTE-A, etc.) to
establish a picocell or femtocell. As shown in FIG. 1A, the base station 114b may have a direct connection to the Internet
110. Thus, the base station 114b may not be required to access the Internet 110 via the core network 106.

[0015] The RAN 104 may be in communication with the core network 106, which may be any type of network configured
to provide voice, data, applications, and/or voice over internet protocol (VolP) services to one or more of the WTRUs
102a, 102b, 102¢, 102d. For example, the core network 106 may provide call control, billing services, mobile location-
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based services, pre-paid calling, Internet connectivity, video distribution, etc., and/or perform high-level security functions,
such as user authentication. Although not shown in FIG. 1A, it will be appreciated that the RAN 104 and/or the core
network 106 may be in direct or indirect communication with other RANs that employ the same RAT as the RAN 104 or
a different RAT. For example, in addition to being connected to the RAN 104, which may be utilizing an E-UTRA radio
technology, the core network 106 may also be in communication with another RAN (not shown) employing a GSM radio
technology.

[0016] The core network 106 may also serve as a gateway for the WTRUs 102a, 102b, 102c, 102d to access the
PSTN 108, the Internet 110, and/or other networks 112. The PSTN 108 may include circuit-switched telephone networks
that provide plain old telephone service (POTS). The Internet 110 may include a global system of interconnected computer
networks and devices that use common communication protocols, such as the transmission control protocol (TCP), user
datagram protocol (UDP) and the internet protocol (IP) in the TCP/IP internet protocol suite. The networks 112 may
include wired or wireless communications networks owned and/or operated by other service providers. For example,
the networks 112 may include another core network connected to one or more RANs, which may employ the same RAT
as the RAN 104 or a different RAT.

[0017] Some or all of the WTRUs 102a, 102b, 102c, 102d in the communications system 100 may include multi-mode
capabilities, i.e., the WTRUs 102a, 102b, 102c, 102d may include multiple transceivers for communicating with different
wireless networks over different wireless links. For example, the WTRU 102c¢ shown in FIG. 1A may be configured to
communicate with the base station 114a, which may employ a cellular-based radio technology, and with the base station
114b, which may employ an IEEE 802 radio technology.

[0018] Referring now to FIG. 1B, a system diagram of an example WTRU 102 is shown. The WTRU 102 may include
a processor 118, a transceiver 120, a transmit/receive element 122, a speaker/microphone 124, a keypad 126, a dis-
play/touchpad 128, non-removable memory 130, removable memory 132, a power source 134, a global positioning
system (GPS) chipset 136, and other peripherals 138. It will be appreciated that the WTRU 102 may include any sub-
combination of the foregoing elements while remaining consistent with an embodiment.

[0019] The processor 118 maybe a general purpose processor, a special purpose processor, a conventional processor,
a digital signal processor (DSP), a plurality of microprocessors, one or more microprocessors in association with a DSP
core, a controller, a microcontroller, Application Specific Integrated Circuits (ASICs), Field Programmable Gate Array
(FPGASs) circuits, any other type of integrated circuit (IC), a state machine, and the like. The processor 118 may perform
signal coding, data processing, power control, input/output processing, and/or any other functionality that enables the
WTRU 102 to operate in a wireless environment. The processor 118 may be coupled to the transceiver 120, which may
be coupled to the transmit/receive element 122. While FIG. 1B depicts the processor 118 and the transceiver 120 as
separate components, it will be appreciated that the processor 118 and the transceiver 120 may be integrated together
in an electronic package or chip.

[0020] The transmit/receive element 122 may be configured to transmit signals to, or receive signals from, a base
station (e.g., the base station 114a) over the air interface 116. For example, in one embodiment, the transmit/receive
element 122 may be an antenna configured to transmit and/or receive RF signals. In another embodiment, the trans-
mit/receive element 122 may be an emitter/detector configured to transmit and/or receive IR, UV, or visible light signals,
for example. In yet another embodiment, the transmit/receive element 122 may be configured to transmit and receive
both RF and light signals. It will be appreciated that the transmit/receive element 122 may be configured to transmit
and/or receive any combination of wireless signals.

[0021] In addition, although the transmit/receive element 122 is depicted in FIG. 1B as a single element, the WTRU
102 may include any number of transmit/receive elements 122. More specifically, the WTRU 102 may employ MIMO
technology. Thus, in one embodiment, the WTRU 102 may include two or more transmit/receive elements 122 (e.g.,
multiple antennas) for transmitting and receiving wireless signals over the air interface 116.

[0022] The transceiver 120 may be configured to modulate the signals that are to be transmitted by the transmit/receive
element 122 and to demodulate the signals that are received by the transmit/receive element 122. As noted above, the
WTRU 102 may have multi-mode capabilities. Thus, the transceiver 120 may include multiple transceivers for enabling
the WTRU 102 to communicate via multiple RATs, such as UTRA and IEEE 802.11, for example.

[0023] The processor 118 of the WTRU 102 may be coupled to, and may receive user input data from, the speak-
er/microphone 124, the keypad 126, and/or the display/touchpad 128 (e.g., a liquid crystal display (LCD) display unit or
organic light-emitting diode (OLED) display unit). The processor 118 may also output user data to the speaker/microphone
124, the keypad 126, and/or the display/touchpad 128. In addition, the processor 118 may access information from, and
store data in, any type of suitable memory, such as the non-removable memory 130 and/or the removable memory 132.
The non-removable memory 130 may include random-access memory (RAM), read-only memory (ROM), a hard disk,
or any other type of memory storage device. The removable memory 132 may include a subscriber identity module
(SIM) card, a memory stick, a secure digital (SD) memory card, and the like. In other embodiments, the processor 118
may access information from, and store data in, memory that is not physically located on the WTRU 102, such as on a
server or a home computer (not shown).
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[0024] The processor 118 may receive power from the power source 134, and may be configured to distribute and/or
control the power to the other components in the WTRU 102. The power source 134 may be any suitable device for
powering the WTRU 102. For example, the power source 134 may include one or more dry cell batteries (e.g., nickel-
cadmium (NiCd), nickel-zinc (NiZn), nickel metal hydride (NiMH), lithium-ion (Li-ion), etc.), solar cells, fuel cells, and the
like.

[0025] The processor 118 may also be coupled to the GPS chipset 136, which may be configured to provide location
information (e.g., longitude and latitude) regarding the current location of the WTRU 102. In addition to, or in lieu of, the
information from the GPS chipset 136, the WTRU 102 may receive location information over the air interface 116 from
a base station (e.g., base stations 114a, 114b) and/or determine its location based on the timing of the signals being
received from two or more nearby base stations. It will be appreciated that the WTRU 102 may acquire location information
by way of any suitable location-determination method while remaining consistent with an embodiment.

[0026] The processor 118 may further be coupled to other peripherals 138, which may include one or more software
and/or hardware modules that provide additional features, functionality and/or wired or wireless connectivity. For example,
the peripherals 138 may include an accelerometer, an e-compass, a satellite transceiver, a digital camera (for photographs
orvideo), a universal serial bus (USB) port, a vibration device, a television transceiver, a hands free headset, a Bluetooth®
module, a frequency modulated (FM) radio unit, a digital music player, a media player, a video game player module, an
Internet browser, and the like.

[0027] Referring now to FIG. 1C, a system diagram of the RAN 104 and the core network 106 according to an em-
bodiment is shown. As noted above, the RAN 104 may employ an E-UTRA radio technology to communicate with the
WTRUSs 102a, 102b, 102c over the air interface 116. The RAN 104 may also be in communication with the core network
106.

[0028] The RAN 104 may include eNode-Bs 140a, 140b, 140c, though it will be appreciated that the RAN 104 may
include any number of eNode-Bs while remaining consistent with an embodiment. The eNode-Bs 140a, 140b, 140c may
each include one or more transceivers for communicating with the WTRUs 102a, 102b, 102c over the air interface 116.
In one embodiment, the eNode-Bs 140a, 140b, 140c may implement MIMO technology. Thus, the eNode-B 140a, for
example, may use multiple antennas to transmit wireless signals to, and receive wireless signals from, the WTRU 102a.
[0029] Each of the eNode-Bs 140a, 140b, 140c may be associated with a particular cell (not shown) and may be
configured to handle radio resource management decisions, handover decisions, scheduling of users in the uplink and/or
downlink, and the like. As shown in FIG. 1C, the eNode-Bs 140a, 140b, 140c may communicate with one another over
an X2 interface.

[0030] The core network 106 shown in FIG. 1C may include a mobility management entity gateway (MME) 142, a
serving gateway 144, and a packet data network (PDN) gateway 146. While each of the foregoing elements are depicted
as part of the core network 106, it will be appreciated that any one of these elements may be owned and/or operated
by an entity other than the core network operator.

[0031] The MME 142 may be connected to each of the eNode-Bs 140a, 140b, 140c in the RAN 104 via an S1 interface
and may serve as a control node. For example, the MME 142 may be responsible for authenticating users of the WTRUs
102a, 102b, 102c, bearer activation/deactivation, selecting a particular serving gateway during an initial attach of the
WTRUSs 102a, 102b, 102c, and the like. The MME 142 may also provide a control plane function for switching between
the RAN 104 and other RANs (not shown) that employ other radio technologies, such as GSM or WCDMA.

[0032] The serving gateway 144 may be connected to each of the eNode Bs 140a, 140b, 140c in the RAN 104 via
the S1 interface. The serving gateway 144 may generally route and forward user data packets to/from the WTRUs 102a,
102b, 102c. The serving gateway 144 may also perform other functions, such as anchoring user planes during inter-
eNode B handovers, triggering paging when downlink data is available for the WTRUs 102a, 102b, 102c, managing and
storing contexts of the WTRUs 102a, 102b, 102c, and the like.

[0033] The serving gateway 144 may also be connected to the PDN gateway 146, which may provide the WTRUs
102a, 102b, 102c with access to packet-switched networks, such as the Internet 110, to facilitate communications
between the WTRUs 102a, 102b, 102¢c and IP-enabled devices.

[0034] The core network 106 may facilitate communications with other networks. For example, the core network 106
may provide the WTRUs 102a, 102b, 102c with access to circuit-switched networks, such as the PSTN 108, to facilitate
communications between the WTRUs 102a, 102b, 102c and traditional land-line communications devices. For example,
the core network 106 may include, or may communicate with, an IP gateway (e.g., an IP multimedia subsystem (IMS)
server) that serves as an interface between the core network 106 and the PSTN 108. In addition, the core network 106
may provide the WTRUs 102a, 102b, 102¢ with access to the networks 112, which may include other wired or wireless
networks that are owned and/or operated by other service providers.

[0035] In LTE communication, an uplink control channel, such as a Physical Uplink Control Channel (PUCCH), may
transmit, may be used to transmit, may carry, and/or may include control signaling that may be independent of traffic
data. The control signaling may include one or more of hybrid automatic repeat request (HARQ) acknowledge/negative
acknowledgements (ACK/NACK), channel quality indicators (CQl), multiple input multiple output (MIMO) feedback,
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and/or scheduling requests for uplink transmission.

N
[0036] The physical resources used for PUCCH may depend on two parameters, **#E and “*% " that may be given
("Y "
NG 20

by higher layers. The variable may denote the bandwidth in terms of resource blocks that are available for use

i
by PUCCH formats 2/2a/2b transmission in each slot. The variable N may denote the number of cyclic shifts used

piy
for PUCCH formats 1/1a/1b in a resource block used for a mix of formats 1/1a/1b and 2/2a/2b. The value of N may

Y"U‘[ff,“H BT
be an integer multiple of # - Within the range of {0, 1, ..., 7}, where "% " may be provided by higher layers. No
mixed resource block is present if N =0. At most one resource block in each slot may support a mix of formats
1/1a/1b and 2/2a/2b. Resources used for transmission of PUCCH formats 1/1a/1b, 2/2a/2b and 3 may be represented
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by the non-negative indices and THCEH regpectively.
[0037] Referring now to FIG. 2, a mapping of modulation symbols for the PUCCH is shown. The physical resource

blocks to be used for transmission of PUCCH in slot ng may be given by

H}“} if (m + , mod 2)mod 2 =0
. (Equation 1)
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where the variable m depends on the PUCCH format. For formats 1, 1a and 1b
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JB normal cyclic prefix

(Equation 2)
B 12 extended cyclic prefix

and for formats 2, 2a and 2b

m= l_n,&,i’ic - N“B_{ (Equation 3)

and for format 3
= NS | (Equation 4)

[0038] In case of simultaneous transmission of sounding reference signal and PUCCH format 1, 1a, 1b or 3 when
there is one serving cell configured, a shortened PUCCH format may be used where the last SC-FDMA symbol in the
second slot of a subframe may be left empty.

[0039] A Frequency-division duplexing (FDD) HARQ-ACK procedure for a configured serving cell may include a HARQ-
ACK transmission on two antenna ports (p € [pg,p4]) that is supported for PUCCH format 1a/1b. For FDD and one

E
configured serving cell, the WTRU 102 may use PUCCH resource f“m‘ for transmission of HARQ-ACK in subframe
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n forﬁ mapped to antenna port p for PUCCH format 1a/1b as follows.

[0040] For a Physical Downlink Shared Channel (PDSCH) transmission indicated by the detection of a corresponding

Physical Downlink Control Channel (PDCCH) in subframe n - 4, or for a PDCCH indicating downlink semi-persistent
i i

scheduling (SPS) release in subframe n - 4, the WTRU 102 may use A tE PV for antenna port pg,

where n¢cg is the number of the first Control Channel Element (CCE) (i.e., the lowest CCE index used to construct the
i

PDCCH) used for transmission of the corresponding Downlink Control Information (DCI) assignment and ~ FLEEH g

configured by higher layers. For two antenna port transmissions, the PUCCH resource for antenna port p, is given by

(17 i
Hpicen = Heee + 1 Noyeer -

[0041] ForaPDSCH transmission on the primary cell where there is not a corresponding PDCCH detected in subframe

(1
n «
n-4,thevalue of *Y“" may be determined according to higher layer configuration and pre-configured table of PUCCH
resource values. For a WTRU 102 configured for two antenna port transmission, a PUCCH resource value in a pre-
)
configured table of PUCCH resource values may map to two PUCCH resources. The first PUCCH resource Mpucch may

sl
be for antenna port p, and the second PUCCH resource M ruecH may be for antenna port p,. Otherwise, the PUCCH
resource value may map to a single PUCCH resource

[
Rugsoon

for antenna port pg.

[0042] Referring now to FIG. 3, a logical network architecture for an Evolved Multimedia Broadcast/Multicast Service
(eMBMS) is shown. The Multi-cell/multicast Coordination Entity (MCE) may provide the admission control and radio
resources used by the base stations 114a, 114b in a multicast-broadcast single-frequency network (MBSFN) area for
MBMS transmissions. The establishment and allocation of radio bearers as well as physical radio resources for MBMS
may be coordinated by this entity. The MBMS GW may provide IP multicast functionality to forward MBMS user data to
the base stations 114a, 114b in a coordinated manner. The M1, M2, and M3 may provide the control plane interface for
MBMS between the entities involved in MBMS.

[0043] Regarding access stratum aspects, a MBSFN area may define a set of cells which coordinate the transmission
of MBMS related data for one or more MBMS services. In an embodiment, a base station 114a, 114b may belong to up
to 8 MBSFN areas.

[0044] MBMS control information, such as and as such Multicast Control Channel (MCCH), and data, such as Multicast
Traffic Channel (MTCH), may be transmitted in a MBSFN subframe as defined in SIB2 of the cell. In each MBSFN
subframe, a single Physical Multicast Channel (PMCH) may be transmitted that carries one MBMS related transport
channel (MCH), which in turn multiplexes 1 MCCH and multiple MTCH logical channels. The multiplexing information
of MCCH/MTCH may be provided in the MAC header of the MCH.

[0045] Asingle MCH transport channel may be transmitted onto a single PMCH in one MBSFN subframe. The transport
format for the MCH is fixed and specified in broadcast information from the base station 114a, 114b.

[0046] The WTRU 102 may configure for reception of a specific MBMS service with the following steps. The WTRU
102 may receive SIB2 for MBSFN subframe configuration. The WTRU 102 may then receive SIB13 to obtain knowledge
on how to receive the MCCH for this particular MBSFN area. Next, the WTRU 102 may receive the MCCH to obtain
knowledge about the CSA period, CSA pattern, and MSP for the service of interest. Then, the WTRU 102 may receive
the MSI at the beginning of each MSP. This may provide the terminal with information on which subframes the service
of interest can be found in.

[0047] The MCCH which carries MBMS configuration information may be transmitted periodically in a MBSFN sub-
frame, as defined for the MBSFN area in SIB13. The information included in MCCH may be changed from time to time
by the base station 114a, 114b. In order to indicate the changes of MCCH to MBMS a receiving WTRU 102, it may
transmit an 8-bit bitmask via PDCCH masked M-RNTI using DCI format 1C. The 8-bit bitmask may indicate the MBSFN
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area for which the MCCH has been changed. The changes to MCCH may take place at the beginning of the next MCCH
modification period, as configured in SIB13.

[0048] Hereafter, the reduced uplink bandwidth may be referred to as an uplink bandwidth in which a low-cost WTRU
may transmit uplink signals. In an embodiment, the uplink reduced bandwidth may be consecutive 6 PRBs located within
a system bandwidth. The 6 PRBs may be replaced with any numbers such as N, PRBs where N, < 100. The uplink
reduced bandwidth may be interchangeably used as frequency location of the uplink reduced bandwidth, uplink frequency
location of the low-cost WTRU, and a set of uplink PRBs for a low-cost WTRU with reduced bandwidth.

[0049] A PUCCH resource may be provided and/or used in a reduced bandwidth. A PUCCH for some legacy WTRUs
may be located in at both of the band edges of the full system bandwidth in a subframe. For example, the PUCCH
resource may be located at physical resource block (PRB) #0 and PRB #49 for a 10 MHz system bandwidth, which may
contain a total of 50 PRBs.

[0050] In contrast, a low-cost WTRU may have limited capabilities, such as a reduced bandwidth, and may not be
able to access or transmit the PUCCH resource at the edges of a larger bandwidth (e.g., 10MHz). For example, a low-
cost WTRU may operate only within a small number of PRBs (e.g., 6 PRBs) out of the total number of PRBs in a subframe
(e.g., 50 PRBs). The small number of PRBs may not overlap with the PUCCH resource at the band edges of the legacy
WTRUSs.

[0051] In an embodiment, a PUCCH resource for low-cost WTRUs (LC-PUCCH resource) may be located in one or
both band edges of a reduced bandwidth that is supported by the low-cost WTRUs. It should be noted that the LC-
PUCCH resource may be intended and provided for use by another WTRU and still be consistent with this disclosure.
The terms reduced and limited (e.g., reduced bandwidth and limited bandwidth) may be used interchangeably. Reduced
bandwidth may refer to a reduced bandwidth in the uplink (and/or downlink). Reduced bandwidth may be with respect
to the uplink (and/or downlink) bandwidth of a cell (e.g., a serving cell of a reduced bandwidth WTRU). A WTRU which
may behave in a manner consistent with a reduced bandwidth WTRU may be considered a reduced bandwidth WTRU.
System bandwidth may be used to represent the system uplink and/or downlink bandwidth. The terms system, cell, base
station, and eNB may be used interchangeably.

[0052] Referring now to FIG. 4, an example of a LC-PUCCH resource allocation in a reduced bandwidth 404 is shown.
The reduced bandwidth may correspond to the bandwidth supported by a low-cost WTRU. For exemplary purposes,
the example LC-PUCCH resource is referred to as a Type-A LC-PUCCH resource 402. In an embodiment, the Type-A
LC-PUCCH resource 402 may be located in both band edges of the reduced bandwidth 404. The reduced bandwidth
404 may be defined or predefined as a certain subset of PRBs (e.g., the center 6 PRBs) of a total system bandwidth
406. The total system bandwidth may be the uplink bandwidth (e.g., full uplink bandwidth) supported by or used by the
cell providing the LC-PUCCH resource. The Type-A LC-PUCCH resource 402 may be located in both band edges of
the certain subset of PRBs and may use slot hopping. A Type-A LC-PUCCH resource 402 allocation may be the same
as alegacy PUCCH resource (e.g., for legacy WTRUs) when the reduced bandwidth 404 and the total system bandwidth
406 are the same.

[0053] It should be noted that hereinafter the term PRB-pair may refer to two PRBs paired within a subframe, wherein
afirst PRB may be located in afirst slot of a subframe and a second PRB may be located in a second slot of the subframe.
If a slot hopping is used, the two PRBs paired may be located in a different frequency. If a slot hopping is not used for
a PRB-pair, the two PRBs may be located in a same frequency in the subframe.

W
[0054] In FIG. 4, the Mpay denotes a physical resource block number within the reduced bandwidth 404 and the

£
JWR‘E.W

denotes an uplink reduced bandwidth configuration. As an example, if the reduced bandwidth 404 is defined as 6 PRBs,
then

sl
Nﬁﬂw ”6

\)‘ i a)
and e € 10.1,2.3,4,5}. In an embodiment, the location of the reduced bandwidth 404 within the system bandwidth

406 may be predefined. In another embodiment, the location of the reduced bandwidth 404 within the system bandwidth
406 may be defined as a function of one or more of following parameters: subframe number; slot number; system frame
number (SFN); WTRU-ID, such as Cell Radio Network Temporary Identifier (C-RNTI); frequency location of an Enhanced
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Physical Downlink Control Channel (EPDCCH); starting Control Channel Element (CCE) number of associated PDCCH;
starting Enhanced CCE (ECCE) number of associated EPDCCH; and physical Cell ID. It should be noted that the terms
downlink control channel, physical downlink control channel (PDCCH) enhanced physical downlink control channel
(EPDCCH), and MTC physical downlink control channel (M-PDCCH) may be interchangeably used. In addition, the
terms CCE, enhanced CCE (ECCE), and MTC CCE (MCCE) may be used interchangeably.

[0055] In another embodiment, the location of the reduced bandwidth 404 within the system bandwidth 406 may be
defined with a predefined hopping pattern. The reduced bandwidth 404 may be configured via higher layer signaling,
such as via a Master Information Block (MIB) or a System Information Block (SIB).

[0056] Referring now to FIG. 5, another example of a LC-PUCCH resource allocation in a reduced bandwidth 504 is
shown. The reduced bandwidth 504 may correspond to the bandwidth supported by a low-cost WTRU. For exemplary
purposes, the example LC-PUCCH resource is referred to as a Type-B LC-PUCCH resource. In an embodiment, the
Type-B LC-PUCCH 502 resource may be defined without slot hopping within the reduced bandwidth 504. The Type-B
LC-PUCCH resource 502 may be or include a PRB-pair 508 located in the same frequency within the reduced bandwidth
504. The reduced bandwidth 504 may be defined or predefined as a certain subset of PRBs (e.g., center 6 PRBs) of a
total system bandwidth 506. The Type-B LC-PUCCH resource 502 may be located in a band edge of the certain subset
of PRBs.

¥

[0057] In FIG. 5, the Ppin denotes a physical resource block number within the reduced bandwidth 504 and the

oy Ed‘flv
‘NRB‘;ﬁ

denotes an uplink reduced bandwidth configuration. As an example, if the reduced bandwidth 504 is defined as 6 PRBs,
then

ULy
NRBN =6

By €40,1,2,3, 4,58 . . ) - i
and In an embodiment, the location of the reduced bandwidth 504 within the system bandwidth

506 may be predefined. In another embodiment, the location of the reduced bandwidth 504 within the system bandwidth
506 may be defined as a function of one or more of following parameters: subframe number; slot number; system frame
number (SFN); WTRU-ID, such as C-RNTI; frequency location of a PDCCH or EPDCCH; starting CCE number of
associated PDCCH; starting ECCE number of associated EPDCCH; and physical Cell ID. In another embodiment, the
location of the reduced bandwidth 504 within the system bandwidth 506 may be defined with a predefined hopping
pattern. The reduced bandwidth 504 may be configured via higher layer signaling, such as via a MIB or a SIB.

[0058] Referring to the Type-B LC-PUCCH 504, the PRB-pair 508 located in the same frequency may be used as, or
for,a LC-PUCCH resource. Although the PRB-pair 508 is shown at one edge of the reduced bandwidth 504, embodiments
are considered in which the PRB-pair 508 is located at an opposite edge of the reduced bandwidth 504. In an embodiment,
one edge of the reduced bandwidth 504 may correspond to the first PRB of the PRB-pair and the other edge of the
reduced bandwidth 504 may correspond to the second PRB of the PRB-pair. In an embodiment, the PRB-pair 508 may
be located at any location within the reduced bandwidth 504. The location of the PRB-pair 508 may be defined or
configured by higher layer signaling, an indicator in the Downlink Control Information (DCI) associated with the PUCCH
(e.g., LC-PUCCH) transmission, or as a function of the starting CCE (or ECCE) number for the PDCCH (or EPDCCH)
associated with the LC-PUCCH transmission.

[0059] Referring now to FIG. 6, another example of a LC-PUCCH resource allocation in a reduced bandwidth 604 is
shown. The reduced bandwidth 604 may correspond to the bandwidth supported by a low-cost WTRU. For exemplary
purposes, the example LC-PUCCH resource is referred to as a Type-C LC-PUCCH resource 602.

[0060] Referring to the Type-C LC-PUCCH 602, a PRB-pair may be located over two or more subframes of the
transmission. Here, a first PRB 606 (denoted m=0) in the first slot of the subframe 610 (denoted subframe n) and a
second PRB 608 (denoted m=0) 608 in the first slot of the subframe 612 (denoted subframe n+1) may be used as a
PRB-pair for the Type-C LC-PUCCH 602. In another example, a first PRB 606 in the first slot of the subframe 610 and
a second PRB 608 in the second slot of the subframe 612 may be used as a PRB-pair for the Type-C LC-PUCCH 602.
In another example, the first PRB 606 may be in the second slot of the subframe 610 and the second PRB 608 may be
in the second slot of the subframe 612, and together may be used as a PRB-pair for the Type-C LC PUCCH 602.
[0061] In an embodiment, the PRB-pair in the Type-C LC-PUCCH 602 may be located in both band edges of the
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system bandwidth. For example, the first PRB 606 may be located in the first PRB (npgg = 0) of the system bandwidth
UL

in the first subframe 610 and the second PRB may be located in the last PRB (nPRB NRB l)
bandwidth in the second subframe 612.

[0062] In an embodiment, an offset may be used, for example to avoid PUCCH resource collision between legacy-
PUCCH and the Type-C LC-PUCCH 602. For example, the first PRB 606 may be located in the first PRB of the system

N LFL
bandwidth (e.g., RB PRBs) with an offset (e.g., nprg = Agp) in the first subframe 610 and the second PRB 608 may

of the system

N UL
be located in the last PRB of the system bandwidth (e.g., RE PRBs) with an offset (e.g.,
Agp) in the second subframe 612. The offset Agg may be configured via higher layer signaling (e.g., via MIB, SIB, and/or

— UL
npgp = Ngg — 1~

RRC signaling). The offset Agg may be defined as a function of a higher layer parameter for legacy-PUCCH resource
configuration. The offset Agg may be defined as a function of at least one of following parameters: bandwidth available

a{e)
for use by PUCCH formats 2/2a/2b for legacy WTRUs (e.g., “"EH" ); number of cyclic shifts used for mixed format (e.g.

N N .

£5 - ); and PUCCH" | g embodiment, the PUCCH resources may be shared between legacy-PUCCH and Type-
C LC-PUCCH 602.
[0063] Inanembodiment, two or more LC-PUCCH resource allocation types may be defined and/or configured and/or
used. The LC-PUCCH resource type may be selected and/or used based on or according one or more of a LC-PUCCH
transmission mode, an uplink transmission mode, a Physical Uplink Shared Channel (PUSCH) resource allocation type,
higher layer configuration and/or dynamic indication.
[0064] A localized LC-PUCCH transmission mode and a distributed LC-PUCCH transmission mode may be defined.
One of the LC-PUCCH transmission modes may be configured, selected, and/or indicated via higher layer signaling or
dynamic signaling. A low-cost WTRU may select and/or use a LC-PUCCH resource type according to or at least based
on the LC-PUCCH transmission mode.
[0065] A localized uplink transmission mode and a distributed uplink transmission mode may be defined. One of the
uplink transmission modes may be configured via higher layer signaling or dynamic signaling. A WTRU may select
and/or use a LC-PUCCH resource type according to, or at least based on, the uplink transmission mode.
[0066] For LC-PUSCH allocation, hopping may or may not be activated. A low-cost WTRU may select and/or use a
LC-PUCCH resource type according to or at least based on whether LC-PUSCH hopping is activated. For example, if
LC-PUSCH hopping is activated, the Type-A LC-PUCCH resource may be used. If PUSCH hopping is not activated,
the Type-B LC-PUCCH resource may be used for LC-PUCCH resource allocation.
[0067] The LC-PUCCH resource type may be used according to, or at least based on, a higher layer configuration. A
broadcast signal or system information (e.g., SIB) may configure or indicate the LC-PUCCH resource allocation type to
be used. Higher layer RRC signaling (e.g., broadcast or dedicated) may be used to configure or indicate the LC-PUCCH
resource type for a low-cost WTRU and/or for the cell. A low-cost WTRU may select and/or use a LC-PUCCH resource
type according to, or at least based, on received broadcast and/or higher layer signaling.
[0068] The LC-PUCCH resource type may be used according to, or at least based on, a dynamic indication. The
indicator may be provided or included in a DCI associated with the LC-PUCCH transmission. A low-cost WTRU may
select and/or use a LC-PUCCH resource type according to or at least based on the indicator.
[0069] In an embodiment, a subset of PUCCH formats may be supported in, by, or for the LC-PUCCH. For example,
PUCCH formats 1/1a/1b may be supported in the LC-PUCCH. The PRB resource allocation for PUCCH formats 1/1a/1b
in the LC-PUCCH may be defined without the resource allocation for PUCCH format 2/2a/2b as follows:

o N:iﬁ / Azggm g
- JE normal ¢yclic prefix
" 1‘2 extended eyelic prefix

(Equation 5)

[0070] The PUCCH index in the single component carrier case may be defined as follows:
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”;%IEQJH ey (Equation 6)

[0071] A WTRU 102 may transmit a PUCCH (or a PUCCH format) in a LC-PUCCH resource. A WTRU 102 may
determine a LC-PUCCH resource and/or type, for example based on definition, configuration, and/or indication, and
may transmit a PUCCH in the determined LC-PUCCH resource using the determined LC-PUCCH type.

[0072] Referring now to FIG. 7, multiple LC-PUCCH resource configurations are shown. In an embodiment, two or
more LC-PUCCH resources 702 may be configured in a cell-specific manner. A low-cost WTRU may transmit PUCCH
in one of the configured LC-PUCCH resources 702 in a subframe 706.

[0073] A LC-PUCCH resource 702 may be defined as a set of uplink PRBs which may correspond to the reduced
bandwidth 704 of a low-cost WTRU. For example, if the reduced bandwidth 704 supported by a low-cost WTRU is a
certain number of PRBs (e.g., 6 PRBs), then a LC-PUCCH resource 702 may be defined as the certain number of PRBs
(e.g., 6 PRBs).

[0074] In an embodiment, two or more LC-PUCCH resources 702 may be defined in different sets of uplink PRBs
which may be non-overlapped in the subframe 706. In an example, a primary LC-PUCCH resource 702 may be defined
in a center frequency band. The set of PRBs for a LC-PUCCH resource 702 may be defined with a small number PRBs
(e.g., 6 PRBs). The primary LC-PUCCH resource 702 may be defined in the center PRBs (e.g., center 6 PRBs) within
the system bandwidth 708. A secondary LC-PUCCH resource 702 may be configured via higher layer signaling. In an
example, an offset value (e.g., a frequency offset in PRBs from the PRBs for primary LC-PUCCH resource) may be
signaled to indicate the location of the secondary LC-PUCCH resource 702. In an embodiment, one or more secondary
LC-PUCCH resources 702 may be configured. The offset may be defined as a number of PRBs.

[0075] In an embodiment, two or more LC-PUCCH resources 702 may be configured via higher layer signaling. If the
higher layer signaling (or configuration) is not available or not provided, a default LC-PUCCH resource 702 may be used.
The default LC-PUCCH resource 702 may be predefined in a fixed location or defined as a function of at least one of
physical cell-ID, WTRU-ID, subframe number, and slot number. Two or more LC-PUCCH resources 702 may be defined
in a different set of uplink PRBs which may be fully or partially overlapped in the subframe.

[0076] In an embodiment, a low-cost WTRU may be configured with at least one of the LC-PUCCH resources 702
(e.g., cell-specific LC-PUCCH resources)for PUCCH transmission. The configured LC-PUCCH resource 702 may be
considered as a WTRU-specific LC-PUCCH resource 702.

[0077] Ifa LC-PUCCH resource 702 is defined as the cell-specific low-cost PUCCH resource 702, the WTRU-specific
LC-PUCCH resource 702 may be the same as the cell-specific LC-PUCCH resource 702. Additional configuration may
not be needed or used to identify the WTRU-specific LC-PUCCH resource 702.

[0078] The WTRU-specific LC-PUCCH resource 702 may be configured or indicated via higher layer signaling, for
example, if two or more LC-PUCCH resources 702 are defined as cell-specific LC-PUCCH resources 702. The WTRU-
specific LC-PUCCH resource 702 may be indicated dynamically. An indicator may be carried in the DCI associated with
the PUCCH transmission. The WTRU-specific LC-PUCCH resource 702 may be determined as a function of at least
one of: WTRU-ID (e.g. C-RNTI); subframe number; SFN; frequency location of EPDCCH; and starting ECCE number
of the associated EPDCCH.

[0079] Inanembodiment, the LC-PUCCH resource 702 may be configured in a subset of uplink subframes, forexample,
within the reduced bandwidth 704.

[0080] One or more cell-specific LC-PUCCH resources 702 may be configured in some or all of the uplink subframes
within the reduced bandwidth 704. A subset of the cell-specific LC-PUCCH resources 702 may be used for WTRU-
specific LC-PUCCH resources 702. A low-cost WTRU may be configured with and/or use the subset of LC-PUCCH
resources, which may be WTRU-specific 702. A low-cost WTRU may be may be configured to transmit PUCCH in only
a WTRU-specific LC-PUCCH resource 702. If a WTRU-specific LC-PUCCH resource 702 is only available in a subset
of the uplink subframes, HARQ bundling and/or multiplexing may be used. One or more downlink subframes may be
associated (e.g., for DL HARQ process feedback) with an uplink subframe that contains a WTRU-specific LC-PUCCH
resource. One or more HARQ-ACK information that corresponds to the associated downlink subframes (and/or HARQ
processes) may be bundled and/or multiplexed for transmission (e.g., PUCCH transmission in a LC-PUCCH resource)
in the uplink subframe containing the WTRU-specific LC-PUCCH resource 702.

[0081] The WTRU-specific LC-PUCCH resource 702 may be configured by an eNB or cell, and/or may be determined
by the low-cost WTRU. One or more WTRU-specific LC-PUCCH resources 702 may be configured via higher layer
signaling. One or more WTRU-specific LC-PUCCH resources 702 may be determined as a function of at least one of
WTRU-ID (e.g. C-RNTI), subframe number, SFN, frequency location of EPDCCH, and starting ECCE number of the
associated EPDCCH. The WTRU-specific LC-PUCCH resource 702 may be indicated dynamically via associated EP-
DCCH (e.g., via a DCI).

[0082] A WTRU, such as alow-cost WTRU or a WTRU supporting or using coverage enhancement, may transmit LC-
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PUCCH with repetitions. The repetition number may be determined based on the coverage enhancement (CE) level. It
should be noted that the terms CE level and repetition number may be substituted for each other and still be consistent
with this disclosure. The first transmission in a transmission with subsequent repetitions may be included or counted as
one of the repetitions.

[0083] One or more CE levels may be used in a system. Number of repetitions or repeated transmissions may be
represented by Nrep. For example, a CE level such as CE level-0 may be used for normal coverage. For normal coverage,
Nrep May be 1 to correspond to a single transmission with no additional repetitions. There be one or more CE levels with
repetition, for example CE level-1 (e.g., Nig,=x1), CE level-2 (e.g., N;g,=x2), and CE level-3 (e.g., N;,=x3) that may be
used for coverage enhancement. Three levels are provided as an exemplary and non-limiting example. The variables
x1, X2, and x3 may be positive integer numbers where x3>x2>x1. The number of CE levels supported in the system is
not limited to a certain number. The numbering and ordering of the CE levels is also for example and not intended to
be limiting.

[0084] In an embodiment, a LC-PUCCH type may be determined based on a CE level. For example, Type-A LC-
PUCCH may be used for a lower CE level (e.g., one or more of CE level-0, CE level-1, and/or CE level-2). Type-B LC-
PUCCH may be used for a higher CE level than the Type-A LC-PUCCH may be used for. Fora LC-PUCCH transmission,
a low-cost WTRU may determine the LC-PUCCH type based at least on CE level and transmit the LC-PUCCH in the
LC-PUCCH resource of the determined type.

[0085] The WTRU-specific LC-PUCCH resource may be determined by, for example, the low-cost WTRU, as a function
of atleast one of: a CE-level, number of repetitions, a repetition numberin Nrep (e.g. n-th repetition out of Nrep repetitions),
WTRU-ID (e.g. C-RNTI), subframe number, SFN, frequency location of EPDCCH, and a starting ECCE number of the
associated EPDCCH. A low-cost WTRU may transmit a LC-PUCCH (e.g., a LC-PUCCH repetition) in the LC-PUCCH
resource of the determined type.

[0086] In an example, a low-cost WTRU may use one LC-PUCCH type for repetition numbers in Nrep beginning with
1 and ending with n (e.g., for repetitions 1 through 10 for Nrep=20) and another LC-PUCCH type for repetition numbers
in Ny, beginning with n+1 through the last repetition (e.g., for repetitions 11-20 for N,¢,=20).

[0087] The frequency location of the WTRU-specific LC-PUCCH resource may be same during N, subframes when
repetition is used with a repetition number Nrep. The WTRU-specific LC-PUCCH resource may be determined based
on one or more parameters described herein for the first subframe of every N, subframes. In an example, N, may be a
predefined value or may be configured via higher layer signaling. In another example, the Nx may be determined as a
function of N, or CE level. The N, may be a number smaller than N, or the N, may be a number determined irrespective
of the Ny, used.

[0088] Although legacy-PUCCH resources may not collide with sounding reference signals (SRSs) since they are
typically located on the band edges of the system bandwidth, the LC-PUCCH resource 702 may collide with SRS since
it may be located in the reduced bandwidth 704. In order to avoid collisions, a low-cost WTRU may use a shortened
PUCCH format in the cell-specific SRS subframes irrespective of the simultaneous ACK/NACK and SRS transmissions.
For example, the last LC-PUCCH symbol in a subframe may not be transmitted if a low-cost WTRU may use a shortened
LC-PUCCH format.

[0089] For example, the low-cost WTRU may receive SoundingRS-UL-Config which may include SoundingRS-UL-
ConfigCommon and SoundingRS-UL-ConfigDedicated. The SoundingRS-UL-ConfigCommon may include the cell-spe-
cific SRS configuration related information. The SoundingRS-UL-ConfigDedicated may include the WTRU-specific SRS
configuration related information. The low-cost WTRU may receive the SoundingRS-UL-ConfigCommon and read the
cell-specific SRS configuration information while the low-cost WTRU may not follow ackNackSRS-simultaneousTrans-
mission field in the SoundingRS-UL-ConfigCommon and assume that ackNackSRS-simultaneousTransmission is always
activated. In this case, one or more of following parameters may apply.

[0090] A low-cost WTRU may use shortened PUCCH format always in the cell-specific SRS subframe irrespective of
the simultaneous A/N and SRS transmission configuration if the uplink system bandwidth is larger than a certain bandwidth
(e.g., 6 PRBs). If the uplink system bandwidth is equal to the certain bandwidth (e.g., 6 PRBs), the low-cost WTRU may
follow the simultaneous ACK/NACK and SRS transmission configuration indicated by ackNackSRS-SimultaneousTrans-
mission. The certain bandwidth may be predefined as the bandwidth supported by a certain WTRU category or a certain
WTRU with limited capability. The certain bandwidth may be dependent on WTRU capability.

[0091] A low-cost WTRU may use shortened PUCCH format always in the cell-specific SRS subframe irrespective of
the simultaneous ACK/NACK and SRS transmission configuration if the uplink system bandwidth is larger than reduced
bandwidth 704 for the low-cost WTRU. If the uplink system bandwidth is the same as the reduced bandwidth 704 for
the low-cost WTRU, the low-cost WTRU may follow the simultaneous ACK/NACK and SRS transmission configuration
indicated by ackNackSRS-SimultaneousTransmission.

[0092] A low-cost WTRU may use shortened PUCCH format in the cell-specific SRS subframe irrespective of the
simultaneous ACK/NACK and SRS transmission configuration according to the PUCCH format. For example, a low-
cost WTRU may use shortened PUCCH format for the PUCCH format 1/1a/1b while the low-cost WTRU may drop the
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PUCCH in the cell-specific SRS subframe for the PUCCH format 2/2a/2b/3.

[0093] In an embodiment, a low-cost WTRU specific ackNackSRS-SimultaneousTransmission may be transmitted,
which may be independently transmitted from the legacy WTRU ackNackSRS-SimultaneousTransmission. For example,
a low-cost WTRU specific sounding RS configuration (e.g., SoundingRS-UL-ConfigMTC) may be introduced in the
SoundingRS-UL-Config so that the low-cost WTRU may read the low-cost WTRU specific sounding RS configuration
which may include the simultaneous ACK/NACK and SRS transmission in the reduced bandwidth 704. In this case, one
or more of following parameters may apply.

[0094] Thelow-cost WTRU specific sounding RS configuration (e.g. SoundingRS-UL-ConfigMTC) may include at least
one of the followings: cell-specific SRS bandwidth within the reduced bandwidth 704 (e.g. srs-BandwidthConfigMTC);
cell-specific SRS subframe configuration within the reduced bandwidth 704 (e.g. srs-SubframeConfigMTC); and simul-
taneous ACK/NACK and SRS transmission in the reduced bandwidth 704 (e.g. ackNackSRS-SimultaneousTransmis-
sionMTC).

[0095] The low-cost WTRU specific sounding RS configuration may be transmitted in the broadcasting channel trans-
mitted in the downlink reduced bandwidth 704.

[0096] In an embodiment, a LC-PUCCH resource 702 may not be configured in the cell-specific SRS subframe. In an
example, the LC-PUCCH resource 702 may be located in the subframe without SRS. Therefore, a low-cost WTRU may
assume that LC-PUCCH 702 resource is not available in the cell-specific SRS subframes. In this case, one or more of
following parameters may apply.

[0097] ACK/NACK bundling or multiplexing may be used if the multiple ACK/NACK need to be transmitted in an uplink
subframe due to the limited LC-PUCCH resources 702. For example, if a low-cost WTRU received a PDSCH in the
subframe n and the subframe n+4 in the uplink is configured as cell-specific SRS subframe, then the ACK/NACK may
be bundled or multiplexed with other PDSCH and transmitted in uplink subframe other than subframe n+4.

[0098] A low-cost WTRU may be configured to either transmit shortened PUCCH format in cell-specific SRS subframe
always or drop/bundle/multiplex ACK/NACK in the cell-specific SRS subframe.

[0099] In another embodiment, a low-cost WTRU may drop/bundle/multiplex PUCCH transmission in the cell-specific
SRS subframe if simultaneous ACK/NACK and SRS transmission is not activated. In an example, a low-cost WTRU
may assume that LC-PUCCH resource 702 may not be available in the cell-specific SRS subframe if simultaneous
ACK/NACK and SRS transmission is not activated which may be indicated from ackNackSRS-SimultaneousTransmis-
sion.

[0100] The use of shortened LC-PUCCH format in the cell-specific SRS subframe may be determined based on the
CE level used by the low-cost WTRU. The low-cost WTRU may use a shortened LC-PUCCH format in the cell-specific
SRS subframe if the low-cost WTRU is operating in a certain coverage enhancement level for LC-PUCCH transmission.
For example, the shortened LC-PUCCH format may be used in the cell-specific SRS subframe if a low-cost WTRU is
operating a lower CE level which may require a smaller repetition number (e.g. N;,=x1). In contrast, a shortened LC-
PUCCH format may not be used in the cell specific SRS subframe if a low-cost WTRU is operating a higher CE level
which may require a larger repetition number (e.g. Nrep=x2, wherein x2>x1).

[0101] Due to the reduced bandwidth 704, the fixed uplink resource (e.g., center 6 RBs) may result in scheduling
restriction for the low-cost WTRUs since all low-cost WTRUs may need to share the reduced bandwidth 704 resource.
[0102] In an embodiment, the uplink reduced bandwidth 704 may be defined in a WTRU-specific manner within the
system bandwidth 708. Therefore, two or more low-cost WTRUs may have different reduced bandwidth 704 location in
the same network. For example, a low-cost WTRU may be configured or assigned with the first set of 6 PRBs as a
reduced bandwidth 704 while another low-cost WTRU may be configured or assigned with another 6 PRBs non-over-
lapped with the first set of 6 PRBs.

[0103] In an example, the uplink band for low-cost WTRU may be configured or assigned with following procedures.
[0104] A low-cost WTRU may first receive the uplink band information from SIB-1 (e.g. freqBandIndicator) and SIB-2
(e.g. ul-Bandwidth, ul-CarrierFreq).

[0105] The low-cost WTRU may receive reduced bandwidth 704 related information via higher layer signaling. For
example, the low-cost WTRU specific uplink carrier frequency information (e.g. ul-CarrierFreqMTC) may be carried via
a broadcasting signaling (e.g. SIB-x, where the x may be but not limited to 1 or 2). Alternatively, the starting PRB index
for the reduced bandwidth 704 may be indicated via the broadcasting signaling. If the uplink reduced bandwidth 704
information is not provided, a low-cost WTRU may assume that the uplink reduced bandwidth 704 is the center 6 PRBs
of the system bandwidth.

[0106] If the uplink reduced bandwidth 704 is the same as the center 6 PRBs, the Physical Random Access Channel
(PRACH) resource configuration may be commonly used for a legacy WTRU and a low-cost WTRU. Therefore, the low-
cost WTRU may use the same PRACH resource configuration for legacy WTRUSs. If partitioned PRACH resource infor-
mation, which may be a subset of the PRACH resources for legacy WTRUSs, is provided for low-cost WTRU, the low-
cost WTRU may only use the partitioned PRACH resources.

[0107] If the uplink reduced bandwidth 704 is different from the center 6 PRBs and the PRACH resource configuration
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is provided for the uplink reduced bandwidth 704, the low-cost WTRU may use the PRACH resource configuration within
the uplink reduced bandwidth 704 for PRACH preamble transmission in the contention based random access. If there
is no uplink reduced bandwidth 704 specific PRACH resource configuration, the low-cost WTRU may assume that the
same PRACH resource configuration for legacy WTRUs may be used for the uplink reduced bandwidth 704.

[0108] During or after RACH procedures, a low-cost WTRU may be configured with another uplink reduced bandwidth
704. This reduced bandwidth 704 may be different from the uplink reduced bandwidth 704 configured from the broad-
casting signaling (e.g. SIB-x, where the x could be but is not limited to 1 or 2). In an example, the WTRU-specific uplink
reduced bandwidth 704 configuration message may be carried via RACH msg2 or msg4. Alternatively, the WTRU-
specific uplink reduced bandwidth 704 configuration message may be carried via dedicated RRC message or medium
access control (MAC) control element (CE) after RACH procedure. If no WTRU-specific uplink reduced bandwidth 704
is configured for a low-cost UE, the UE may assume that the UE-specific uplink reduced bandwidth 704 is the same as
the uplink reduced bandwidth 704 configured via broadcasting signaling.

[0109] In another example, two or more uplink reduced bandwidths 704 may be defined via broadcasting signaling
and a low-cost WTRU may determine which uplink reduced bandwidth 704 the low-cost WTRU will camp on. For example,
a low-cost WTRU may receive information about the two or more uplink reduced bandwidth 704, and the low-cost WTRU
may transmit a PRACH preamble on the one of the configured uplink reduced bandwidth 704. If the low-cost WTRU
finishes the RACH procedures in the uplink reduced bandwidth 704 on which the WTRU transmitted a corresponding
PRACH preamble, the low-cost WTRU may assume that the uplink reduced bandwidth 704 is the WTRU-specific uplink
reduced bandwidth.

[0110] In an embodiment, the low-cost WTRU may receive the uplink reduced bandwidth 704 information from SIB-
1 and SIB-2. In another embodiment, the low-cost WTRU may receive the uplink reduced bandwidth 704 related infor-
mation via higher layer signaling. The higher layer signaling may include at least two or more uplink reduced bandwidths
704. In an example, two or more uplink carrier frequency information (e.g. ul-CarrierFreqMTC-1 and ul-CarrierFreqMTC-
2) may be carried via broadcasting signaling. In another example, two or more starting PRB index (e.g. ul-rbStartRB-1
and ul-rbStartRB-2) for the uplink reduced bandwidths 704 may be informed via broadcasting signaling. If one of the
uplink reduced bandwidths 704 is located in the center 6 PRBs, the associated information may not be provided via
broadcasting signaling and the low-cost WTRU may assume that the center 6 PRBs may be used as default uplink
reduced bandwidth.

[0111] The PRACH configuration information may be provided for the configured uplink reduced bandwidths 704. In
an example, the PRACH configuration information for the legacy WTRU 102 may be reused for the configured uplink
reduced bandwidths 704. In another example, a separate PRACH configuration information for each uplink reduced
bandwidth 704 may be provided. Alternatively, acommon PRACH configuration for each of the uplink reduced bandwidths
704 may be provided. In an embodiment, this common PRACH configuration may be different from the PRACH config-
uration for the legacy WTRU 102.

[0112] The low-cost WTRU may transmit a PRACH preamble in an uplink reduced bandwidth 704 based on the
corresponding PRACH configuration. The low-cost WTRU may try to transmit a PRACH preamble in an uplink reduced
bandwidth 704 at a time. If the low-cost WTRU does not receive the corresponding Random Access Response (RAR),
the low-cost WTRU may try to transmit a PRACH preamble with higher power in the same uplink reduced bandwidth
704 until it reaches to the maximum transmit power. In an embodiment, the power increment level may be predefined.
If the low-cost WTRU still doesn’t receive the RAR for the PRACH preamble transmission with maximum transmit power,
the low-cost WTRU may try to transmit a PRACH preamble in another reduced bandwidth 704. The low-cost WTRU
may try to transmit a PRACH preamble in an uplink reduced bandwidth 704 at a time and the low-cost WTRU may
attempt to transmit a PRACH preamble on two or more uplink reduced bandwidths 704.

[0113] If the low-cost WTRU receives an RAR corresponding to a specific uplink reduced bandwidth 704, the WTRU
may transmit RACH msg3 in the corresponding uplink reduced bandwidth 704. Alternatively, the RAR may include the
WTRU-specific uplink reduced bandwidth 704 the low-cost WTRU may use for RACH msg3 transmission.

[0114] In another embodiment, two or more reduced bandwidths 704 may be configured according to the uplink
channel. For example, a set of PRBs may be defined or configured for PRACH transmission while another set of PRBs
may be defined or configured as PUSCH/PUCCH transmission. In this case, one or more of following may apply.
[0115] The PRACH resource for low-cost WTRU may be defined in the center 6 PRBs in the subframe configured for
PRACH transmission while another 6 PRBs located in other location which may be not overlapped with the center 6
PRBs may be used for PUSCH/PUCCH transmission.

[0116] The frequency location of the PRACH resource for low-cost WTRU may be predefined. As similar with the
PRACH resources for the legacy WTRU, the frequency location of the PRACH resource for the low-cost WTRU may be
the center 6 PRBs in the FDD system and up to six frequency locations of PRACH resource may be configurable in TDD
system.

[0117] In an example in the TDD, the frequency location of PRACH resource may be fixed to one for the low-cost
WTRU irrespective of the number of frequency locations configured for the PRACH resources. Alternatively, the frequency
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location of the PRACH resource for the low-cost WTRU may be non-overlapped frequency location for the PRACH
resources for the legacy WTRU. If the system bandwidth is the same as the uplink reduced bandwidth 704, the PRACH
resources may be commonly used for both legacy WTRUs and low-cost WTRUs.

[0118] The uplink reduced bandwidth 704 for the PUSCH/PUCCH may be indicated via a broadcasting signaling. If
there is no signaling for the uplink reduced bandwidth 704 for the PUSCH/PUCCH, a low-cost WTRU may assume that
the uplink reduced bandwidth 704 for PUSCH/PUCCH may be the center 6 PRBs.

[0119] The uplink reduced bandwidth 704 for the PUSCH/PUCCH may be defined as a function of the system band-
width. In an example, if the system bandwidth is smaller than or equal to Ny, s, Which may be a predetermined value,
a low-cost WTRU may assume that the uplink reduced bandwidth 704 is located in the center 6 PRBs. In another
example, if the system bandwidth is larger than Ny, csn, @ low-cost WTRU may assume that the uplink reduced bandwidth
704 is located in the set of 6 PRBs which as an offset from the center 6 PRBs, where the offset may be predefined or
configured via higher layer signaling. Also, the offset may be cell common or WTRU-specific.

[0120] In an embodiment, the uplink reduced bandwidth 704 for the PRACH resource and PUSCH/PUCCH resources
for low-cost WTRU may be configured. In another embodiment, the PRACH resource may be fixed to a center 6 PRBs
while the set of PRBs for PUSCH/PUCCH may be configured in a WTRU-specific manner. The PRACH resource may
be common for all low-cost WTRUs while the PUSCH/PUCCH resource (i.e., WTRU-specific reduced bandwidth location)
may be configured in a WTRU-specific manner. The WTRU-specific PUSCH/PUCCH resource may be indicated in the
RAR. For example, two or more set of PUSCH/PUCCH reduced bandwidth 704 resources may be configured as a cell-
specific PUSCH/PUCCH reduced bandwidth 704 resources and one of them may be indicated in the RAR for msg3
transmission.

[0121] Inanother embodiment, different sets of PRBs may be defined or configured for PRACH, PUSCH, and PUCCH,
respectively. Therefore, a low-cost WTRU may need to transmit PRACH preamble, PUSCH, and PUCCH in the different
set of PRBs. A low-cost WTRU may need to transmit PUSCH and PUCCH in a different set of uplink PRBs. If a low-
cost WTRU may need to transmit a PUSCH containing UCI, the uplink reduced bandwidth for PUSCH may be used.
[0122] Another issue with the use of reduced bandwidths 704 on low-cost WTRUs is that a base station 114a, 114b
may have no knowledge about whether a Physical Multicast Channel (PMCH) or a Multimedia Broadcast Multicast
Service (MBMS) is being received by the low-cost WTRU. A base station 114a, 114b may not know whether a MBMS
service is specifically used by a low-cost WTRU. This may impact the ability of the low-cost WTRU to properly receive
PMCH (and as such Multicast Control Channel (MCCH) and/or Multicast Traffic Channel (MTCH)) if the resources used
for PMCH exceed the reduced bandwidth capability of the WTRU.

[0123] A base station 114a, 114b may be indicated by MBMS network entities such as the Multi-cell/multicast Coor-
dination Entity (MCE) that a particular MBMS service and/or Multicast-broadcast single-frequency network (MBSFN)
service area may be received by the low-cost WTRU. A low-cost WTRU may be indicated during MBMS service discovery
and/or by a base station 114a, 114b that a MBMS service and/or MBSFN area may support reception by a low-cost
WTRU. The following provides solutions for indicating such information to a base station 114a, 114b and/or a low-cost
WTRU, and may be used in combination or individually.

[0124] For the following solutions, in support of the reduced capability WTRUs for a particular MBMS service, the MCE
and base station 114a, 114b may allocate resources for MBMS data transmission on those resources that may be
received by the reduced capability WTRUs. For example, in MBSFN subframes, an base station 114a, 114b may transmit
PMCH which may carry MCCH and MTCH in resources that may be received by a reduced bandwidth WTRU, e.g., in
the center 6 PRBs.

[0125] In an embodiment, the low-cost WTRU may receive a MBMS service level indicator. A low-cost WTRU may
be indicated that a MBMS service may specifically for low-cost WTRUs. For example, the MBMS service may specifically
be designated for reduced bandwidth WTRUs. A normal WTRU 102 may not be restricted to receive such MBMS service
and may be rejected when trying to subscribe to the service. A low-cost WTRU may be indicated that a particular MBMS
service may be accessed by a reduced capability WTRU, however, the service may not be exclusively consumed by
reduced capability WTRUSs. Alternatively, a low-cost WTRU may be indicated that a particular MBMS service may not
be allowed reception by a low-cost WTRU. The low-cost WTRU may be denied reception upon attempting to subscribe
to this type of MBMS service.

[0126] A low-cost WTRU may receive reduced capability supportindication as part of the MBMS announcement and/or
discovery process. For example, a low-cost WTRU may be indicated of this information as part of the User Service
Description (USD) information. As part of the USD information, a low-cost WTRU may be indicated of MBMS service
support for reduced capability WTRUs as part of the MBMS Feature Requirement List which is part of the USD. For
example, a low-cost WTRU may subscribe to a MBMS service if the requirements indicate that reduced capability and/or
reduced bandwidth feature is supported by that low-cost WTRU.

[0127] A base station 114a, 114b may indicate to a low-cost WTRU that a MBSFN area may support reception of
MBMS by a reduced capability WTRU. For example, a base station 114a, 114b may transmit such indication in SIB13
along with other information regarding the MBSFN area. The support of reduced capability may be dynamic and changed
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by the MCE and base station 114a, 114b based on MBMS service that is transmitted in the MBSFN area or based on
the capabilities of the low-cost WTRU that is subscribed to the MBMS service. Possibly, a base station 114a, 114b may
change the indication of reduced capability WTRU support to support of normal WTRUs 102 when a particular MBSFN
area no longer provides MBMS services targeted for reduced capability WTRUs. The change of such indication may be
provided by the normal SIB modification procedure.

[0128] The base station 114a, 114b and/or the MCE may allocate one or more MBSFN subframes as indicated in
SIB2 to support MBMS services to reduced capability WTRUs. A low-cost WTRU may be indicated one or more MBSFN
subframes, for example in SIB2, available for reduced capability WTRUs along with the MBSFN subframe configuration.
The reduced capability supporting MBSFN subframes may be allocated to one or more MBSFN areas as defined by the
base station 114a, 114b and/or MCE, which may transmit control information and data for MBMS services supporting
reduced capability WTRUs.

[0129] For example, a MCE and a base station 114a, 114b may allocate a set of MBMS services specific to reduced
capability WTRUs to a MBSFN area defined by a certain group of cells that have a high density of such devices. The
MCE may then schedule the transmission of control information and data for these MBMS services on pre-allocated
subset of available MBSFN subframes, and additionally schedule the MBMS service transmissions based on a specific
periodicity. During the MBSFN subframes allocated for reduced capability WTRUSs, a base station 114a, 114b may then
transmit PMCH, and optionally PDCCH, with MBMS Radio Network Temporary Identifier (M-RNTI) in a manner which
may be received by the low-cost WTRU.

[0130] A base station 114a, 114b may receive an indication from the MCE to support (or not support) reduced capability
WTRUSs for a particular MBMS session, service and/or MBSFN area. For example, the base station 114a, 114b, based
on this indication may transmit MCCH and MTCH on PMCH, for a particular MBSFN area or possibly for a particular
PMCH or MBMS session. The base station 114a, 114b may determine, based on the scheduling information, which
MBSFN subframes may be used to transmit a reduced bandwidth PMCH such that a reduced capability WTRU may be
able to receive the PMCH properly.

[0131] The base station 114a, 114b may receive an indication from the MCE to support (or not support) for MBMS
scheduling information. For example, a base station 114a, 114b may receive the indication to support reduced capability
WTRUSs as an additional information element in the M2-AP MBMS Scheduling Information message. Based on the
received MCCH Update Time IE and the additional IE, the base station 114a, 114b may transmit the PDCCH with M-
RNTI to indicate upcoming change to the MCCH in a reduced bandwidth PDCCH or possible EPDCCH. This may enable
a low-cost WTRU that has subscribed to the particular MBMS service to properly receive the updated MCCH.

[0132] A low-cost WTRU may receive PMCH in one or more of MBSFN subframe associated with the MBSFN area
targeted for the low-cost WTRU within the smaller bandwidth. In an example, the low-cost WTRU may receive PMCH
in the subset of PRBs in the system bandwidth. In this embodiment, one or more of following parameters may apply.
[0133] When the low-cost WTRU decodes the PMCH, the ly,c5, which may be an indicator of modulation and coding
scheme, for the PMCH may be configured by higher layer. The low-cost WTRU may use ly,cg for the PMCH and a
transport block size (TBS) table to determine the modulation order and TBS index. The TBS may be determined with
the assumption that Npgg is equal to Npgg (o Where Npgg  may be the number of physical resource blocks (PRBs) for
the reduced bandwidth, and Npgrg , may be smaller than Npgg.

[0134] The frequency location of the PMCH in the MBSFN subframe may be predefined to a fixed location (e.g. center
6 PRBs), signaled via higher layer, or configured as a function of MBSFN area index.

[0135] When the low-cost WTRU monitors the MCCH change notification, if the system bandwidth is the same as the
reduced bandwidth 704, the low-cost WTRU may monitor the PDCCH with the cyclic redundancy check (CRC) scrambled
by the M-RNTI within the PDCCH common search space in an MBSFN subframe.

[0136] When the low-cost WTRU monitors the MCCH change notification, if the system bandwidth is larger than the
reduced bandwidth 704, the low-cost WTRU may monitor PDCCH with the CRC scrambled by the M-RNTI within
EPDCCH common search space.

[0137] When the low-cost WTRU monitors the MCCH change notification, the EPDCCH common search space for
MCCH change notification may be located in the non-MBSFN region. Alternatively, the EPDCCH common search space
for MCCH change notification may be located in the MBSFN region. Here, the EPDCCH common search space in the
MBSFN region may be defined as an extended cyclic prefix irrespective of the CP length in the non-MBSFN region.

Embodiments.
[0138]
1. A method for supporting uplink transmissions and multimedia broadcast multicast service (MBMS), the method

comprising: receiving an uplink (UL) resource allocation, wherein the UL resource allocation is a reduced bandwidth;
and sending a transmission over the UL resource allocation.
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2. A method of for supporting uplink transmissions in a wireless transmit and receive unit (WTRU) operating on a
reduced bandwidth of a system bandwidth, the method comprising: determining a frequency location of the reduced
bandwidth within the system bandwidth for an uplink (UL) transmission; determining an UL resource for a physical
uplink control channel (PUCCH) transmission within the determined frequency location of the reduced bandwidth;
and sending a PUCCH in the determined reduced bandwidth and UL resource.

3. The method as in any one of the preceding embodiments, further comprising transmitting an uplink control channel
in the band edge of the reduced bandwidth.

4. The method as in any one of the preceding embodiments, wherein the reduced bandwidth location is predefined.
5. The method as in any one of the preceding embodiments, wherein the reduced bandwidth location is defined as
a function of system bandwidth.

6. The method as in any one of the preceding embodiments, wherein the reduced bandwidth location is defined as
a predefined hopping pattern.

7. The method as in any one of the preceding embodiments, wherein the reduced bandwidth location is configured
via higher layer signaling.

8. The method as in any one of the preceding embodiments, wherein the uplink control channel is defined without
slot hopping within the reduced bandwidth.

9. The method as in any one of the preceding embodiments, wherein two or more low-cost uplink control channel
resource allocation types are defined.

10. The method as in any one of the preceding embodiments, wherein an uplink control channel resource allocation
type is used according to a transmission mode of operation.

11. The method as in any one of the preceding embodiments, wherein an uplink control channel resource allocation
type is used according to an uplink transmission mode of operation.

12. The method as in any one of the preceding embodiments, wherein an uplink control channel resource allocation
type is used according to a shared channel resource allocation type.

13. The method as in any one of the preceding embodiments, wherein an uplink control channel resource allocation
type is used according to higher layer configuration.

14. The method as in any one of the preceding embodiments, wherein an uplink control channel resource allocation
type is used according to a dynamic indication.

15. The method as in any one of the preceding embodiments, wherein the reduced bandwidth is 6 PRBs.

16. The method as in any one of the preceding embodiments, wherein a PRB-pair for a low-cost uplink control
channel is located over two or more subframes.

17. The method as in any one of the preceding embodiments, wherein the PRB-pair is located in both band-edge
of the system bandwidth.

18. The method as in any one of the preceding embodiments, wherein an offset is used to avoid the uplink control
channel resource collisions between a legacy uplink control channel and a low-cost uplink control channel.

19. The method as in any one of the preceding embodiments, wherein an uplink control channel resource is shared
between a legacy uplink control channel and a low-cost uplink control channel.

20. The method as in any one of the preceding embodiments, wherein a subset of uplink control channel formats
are supported in a low-cost uplink control channel.

21. The method as in any one of the preceding embodiments, further comprising receiving one or more low cost
uplink control channel resources, wherein the one or more low cost uplink control channel resources are configured
in a cell-specific manner.

22. The method as in any one of the preceding embodiments, wherein a low cost uplink control channel resource
is defined as a set of uplink PRBs which correspond to the reduced bandwidth.

23. The method as in any one of the preceding embodiments, wherein the one or more low cost uplink control
channel resources are defined in a different set of uplink PRBs which may be non-overlapped in a subframe.

24. The method as in any one of the preceding embodiments, wherein the one or more low cost uplink control
channelresources are defined in adifferent set of uplink PRBs which may be fully or partially overlapped in a subframe.
25. The method as in any one of the preceding embodiments, wherein the WTRU is configured with a cell-specific
low cost uplink control channel resource for a transmission.

26. The method as in any one of the preceding embodiments, wherein the low cost uplink control channel resource
is configured in a subset of uplink subframes within the reduced bandwidth.

27. The method as in any one of the preceding embodiments, wherein the cell-specific low cost uplink control channel
resource is configured in all uplink subframes within the reduced bandwidth while the subset of cell-specific low cost
uplink control channel resources are used as a WTRU-specific low cost uplink control channel resource.

28. The method as in any one of the preceding embodiments, wherein the WTRU-specific low cost uplink control
channel resource is configured via higher layer signaling.

29. The method as in any one of the preceding embodiments, wherein the WTRU-specific low cost uplink control
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channel resource is determined as a function of network conditions.

30. The method as in any one of the preceding embodiments, wherein the WTRU-specific low cost uplink control
channel resource is indicated dynamically via a downlink channel.

31. The method as in any one of the preceding embodiments, wherein the WTRU uses a shortened uplink control
channel format in cell-specific SRS subframes irrespective of the simultaneous A/N and SRS transmission.

32. The method as in any one of the preceding embodiments, wherein the low cost uplink channel resource is not
configured in a cell-specific SRS subframe.

33. The method as in any one of the preceding embodiments, further comprising multiplexing uplink control channel
transmissions in a cell-specific SRS subframe if simultaneous A/N and SRS transmission is not activated.

34. The method as in any one of the preceding embodiments, wherein the uplink reduced bandwidth is defined in
a WTRU-specific manner within the system bandwidth.

35. The method asin any one of the preceding embodiments, wherein two or more reduced bandwidths are configured
according to an uplink channel.

36. The method as in any one of the preceding embodiments, further comprising sending an indication to an eNB
that indicates the WTRU supports an MBMS service.

37. The method as in any one of the preceding embodiments, further comprising subscribing to an MBMS service.
38. The method as in any one of the preceding embodiments, further comprising receiving an indication that a
MBSFN area may support reception of MBMS by a reduced capability WTRU.

39. The method as in any one of the preceding embodiments, wherein one or more MBSFN subframes are allocated
to support MBMS services to reduced capability WTRUs.

40. The method as in any one of the preceding embodiments, wherein the eNB receives an indication to support
reduced capability WTRUs for a particular MBMS session, services, and/or MBSFN area.

41. The method as in any one of the preceding embodiments, wherein the eNB receives an indication to support
MBMS scheduling information.

42. The method as in any one of the preceding embodiments, further comprising receiving a multicast channel in
one or more MBSFN subframes associated with a MDSFN area targeted for the WTRU within a smaller bandwidth.
43. The method as in any one of the preceding embodiments, wherein the reduced bandwidth comprises a subset
of consecutive physical resource blocks (PRBs) which is less than the total number of PRBs available for the system
bandwidth.

44. The method as in any one of the preceding embodiments, wherein the subset of consecutive PRBs do not
overlap with PRBs located on the band edge of the overall system bandwidth containing a system PUCCH.

45. The method as in any one of the preceding embodiments, wherein the determining the frequency location of
the reduced bandwidth within the system bandwidth comprises a function of an identity of the WTRU, a subframe
number, or a system frame number.

46. The method as in any one of the preceding embodiments, wherein the determining the frequency location of
the reduced bandwidth within the system bandwidth comprises a predefined hopping pattern.

47. The method as in any one of the preceding embodiments, wherein the determining the frequency location of
the reduced bandwidth within the system bandwidth comprises higher layer signaling.

48. The method as in any one of the preceding embodiments, wherein the UL resource for the PUCCH transmission
is located in both band edges of the reduced bandwidth.

49. The method as in any one of the preceding embodiments, wherein the UL resource for the PUCCH transmission
is defined without slot hopping within the reduced bandwidth, such that the UL resource comprises a PRB-pair in
the same frequency.

50. The method as in any one of the preceding embodiments, wherein the UL resource for the PUCCH transmission
is defined over two or more subframes, such that the UL resource allocation comprises a PRB-pair in a first slot in
a first subframe and second slot in a second subframe.

51. The method as in any one of the preceding embodiments, wherein the UL resource for the PUCCH transmission
is determined based on a coverage enhancement (CE) level of the WTRU.

52. A wireless transmit/receive unit (WTRU) configured to perform any one of the methods of embodiments 1-51.

53. A server configured to perform any one of the methods of embodiments 1-51.

54. A content management system configured to perform any one of the methods of embodiments 1-51.

55. An application programming interface (API) configured to perform any one of the methods of embodiments 1-51.
56. A network element configured to perform any one of the methods of embodiments 1-51.

57. A wireless transmit/receive unit (WTRU) supporting uplink transmissions and multimedia broadcast multicast
service (MBMS) while operating on a reduced bandwidth of a system bandwidth, the WTRU comprising: circuitry
configured to determine a frequency location of the reduced bandwidth within the system bandwidth for an uplink
(UL) transmission; circuitry configured to determine an UL resource for a physical uplink control channel (PUCCH)
transmission within the determined frequency location of the reduced bandwidth; and circuitry configured to send
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a PUCCH in the determined reduced bandwidth and UL resource.

58. The WTRU as in any one of the preceding embodiments, wherein the reduced bandwidth comprises a subset
of consecutive physical resource blocks (PRBs) which is less than the total number of PRBs available for the system
bandwidth.

59. The WTRU as in any one of the preceding embodiments, wherein the subset of consecutive PRBs do not overlap
with PRBs located on the band edge of the overall system bandwidth containing a system PUCCH.

60. The WTRU as in any one of the preceding embodiments, further comprising circuitry configured to determine
the frequency location of the reduced bandwidth within the system bandwidth using an identity of the WTRU, a
subframe number, or a system frame number.

61. The WTRU as in any one of the preceding embodiments, further comprising circuitry configured to determine
the frequency location of the reduced bandwidth within the system bandwidth using a predefined hopping pattern.
62. The WTRU as in any one of the preceding embodiments, further comprising circuitry configured to determine
the frequency location of the reduced bandwidth within the system bandwidth using higher layer signaling.

63. The WTRU as in any one of the preceding embodiments, wherein the UL resource for the PUCCH transmission
is located in both band edges of the reduced bandwidth.

64. The WTRU as in any one of the preceding embodiments, wherein the UL resource for the PUCCH transmission
is defined without slot hopping within the reduced bandwidth, such that the UL resource comprises a PRB-pair in
the same frequency.

65. The WTRU as in any one of the preceding embodiments, wherein the UL resource for the PUCCH transmission
is defined over two or more subframes, such that the UL resource allocation comprises a PRB-pair in a first slot in
a first subframe and second slot in a second subframe.

66. The WTRU as in any one of the preceding embodiments, wherein the UL resource for the PUCCH transmission
is determined based on a coverage enhancement (CE) level of the WTRU.

ITEMS

[0139]

1. Amethod of for supporting uplink transmissions in a wireless transmit/receive unit (WTRU) operating on a reduced
bandwidth of a system bandwidth, the method comprising:

determining a frequency location of the reduced bandwidth within the system bandwidth for an uplink (UL)
transmission;

determining an UL resource for a physical uplink control channel (PUCCH) transmission within the determined
frequency location of the reduced bandwidth; and

sending a PUCCH in the determined reduced bandwidth and UL resource.

2. The method of item 1, wherein the reduced bandwidth comprises a subset of consecutive physical resource
blocks (PRBs) which is less than the total number of PRBs available for the system bandwidth.

3. The method of item 2, wherein the subset of consecutive PRBs do not overlap with PRBs located on the band
edge of the overall system bandwidth containing a system PUCCH.

4. The method of item 1, wherein the determining the frequency location of the reduced bandwidth within the system
bandwidth comprises applying a function of an identity of the WTRU, a subframe number, or a system frame number.

5. The method of item 1, wherein the determining the frequency location of the reduced bandwidth within the system
bandwidth comprises applying a predefined hopping pattern.

6. The method of item 1, wherein the determining the frequency location of the reduced bandwidth within the system
bandwidth is based on higher layer signaling.

7. The method of item 1, wherein the UL resource for the PUCCH transmission is located in both band edges of the
reduced bandwidth.

8. The method of item 1, wherein the UL resource for the PUCCH transmission is defined without slot hopping within
the reduced bandwidth, such that the UL resource comprises a PRB-pair in the same frequency.
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9. The method of item 1, wherein the UL resource for the PUCCH transmission is defined over two or more subframes,
such that the UL resource allocation comprises a PRB-pair in a first slot in a first subframe and second slot in a
second subframe.

10. The method of item 1, wherein the UL resource for the PUCCH transmission is determined based on a coverage
enhancement (CE) level of the WTRU.

11. A wireless transmit/receive unit (WTRU) supporting uplink transmissions and multimedia broadcast multicast
service (MBMS) while operating on a reduced bandwidth of a system bandwidth, the WTRU comprising:

circuitry configured to determine a frequency location of the reduced bandwidth within the system bandwidth
for an uplink (UL) transmission;

circuitry configured to determine an UL resource for a physical uplink control channel (PUCCH) transmission
within the determined frequency location of the reduced bandwidth; and

circuitry configured to send a PUCCH in the determined reduced bandwidth and UL resource.

12. The WTRU of item 11, wherein the reduced bandwidth comprises a subset of consecutive physical resource
blocks (PRBs) which is less than the total number of PRBs available for the system bandwidth.

13. The WTRU of item 12, wherein the subset of consecutive PRBs do not overlap with PRBs located on the band
edge of the overall system bandwidth containing a system PUCCH.

14. The WTRU of item 11, further comprising circuitry configured to determine the frequency location of the reduced
bandwidth within the system bandwidth using an identity of the WTRU, a subframe number, or a system frame number.

15. The WTRU of item 11, further comprising circuitry configured to determine the frequency location of the reduced
bandwidth within the system bandwidth using a predefined hopping pattern.

16. The WTRU of item 11, further comprising circuitry configured to determine the frequency location of the reduced
bandwidth within the system bandwidth using higher layer signaling.

17. The WTRU of item 11, wherein the UL resource for the PUCCH transmission is located in both band edges of
the reduced bandwidth.

18. The WTRU of item 11, wherein the UL resource for the PUCCH transmission is defined without slot hopping
within the reduced bandwidth, such that the UL resource comprises a PRB-pair in the same frequency.

19. The WTRU of item 11, wherein the UL resource for the PUCCH transmission is defined over two or more
subframes, such that the UL resource allocation comprises a PRB-pair in a first slot in a first subframe and second
slot in a second subframe.

20. The WTRU of item 11, wherein the UL resource for the PUCCH transmission is determined based on a coverage
enhancement (CE) level of the WTRU.

1A. A method of for supporting uplink transmissions in a wireless transmit/receive unit (WTRU) operating on a
reduced bandwidth of a system bandwidth, the method comprising:

determining a frequency location of the reduced bandwidth within the system bandwidth for an uplink (UL)
transmission;

determining a frequency location of an UL resource in a first subframe of a plurality of subframes based on at
least one of a subframe number of the first subframe, a transmission repetition number associated with the first
subframe, or a coverage enhancement (CE) level of the WTRU, wherein the UL resource comprises two con-
secutive physical resource blocks (PRBs) in the same frequency location within the reduced bandwidth; and
sending a physical uplink control channel (PUCCH) transmission to a base station in the UL resource in the
first subframe.

2A. The method of item 1A, further comprising:
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dynamically adjusting the frequency location of the UL resource in a subsequent subframe of the plurality of
subframes based on at least one of a subframe number of the subsequent subframe, a transmission repetition
number associated with the subsequent subframe, or the coverage enhancement (CE) level of the WTRU; and
resending the PUCCH transmission to the base station in the adjusted UL resource in the subsequent subframe.

3A. The method of item 2A, wherein the dynamically adjusting the frequency location of the UL resource and the
resending the PUCCH transmission to the base station in the adjusted UL resource are repeated for multiple sub-
frames of the plurality of subframes.

4A. The method of item 1A, further comprising:

resending the PUCCH transmission to the base station in the UL resource in one or more subsequent subframes
after the first subframe.

5A. The method of item 4A, wherein the number of the one or more subsequent subframes is based on the CE level
of the WTRU.

6A. The method of item 1A, wherein the subframe number represents location of the subframe within the plurality
of subframes.

7A. The method of item 1A, wherein the transmission repetition number represents how many times the PUCCH
transmission has been sent to the base station in previous subframes.

8A. The method of item 1A, wherein the determining a frequency location of an UL resource comprises:

determining a first frequency location and a second frequency location based on the CE level of the WTRU; and
selecting the first frequency location based on at least one of the subframe number and the transmission
repetition number.

9A. A wireless transmit/receive unit (WTRU) supporting uplink transmissions while operating on a reduced bandwidth
of a system bandwidth, the WTRU comprising:

circuitry configured to determine a frequency location of the reduced bandwidth within the system bandwidth
for an uplink (UL) transmission;

circuitry configured to determine a frequency location of an UL resource in a first subframe of a plurality of
subframes based on at least one of a subframe number of the first subframe, a transmission repetition number
associated with the first subframe, or a coverage enhancement (CE) level of the WTRU, wherein the UL resource
comprises two consecutive physical resource blocks (PRBs) in the same frequency location within the reduced
bandwidth; and

circuitry configured to send a physical uplink control channel (PUCCH) transmission to a base station in the UL
resource in the first subframe.

10A. The WTRU of item 9A, further comprising:

circuitry configured to dynamically adjust the frequency location of the UL resource in a subsequent subframe
of the plurality of subframes based on at least one of a subframe number of the subsequent subframe, a
transmission repetition number associated with the subsequent subframe, or the coverage enhancement (CE)
level of the WTRU; and

circuitry configured to resend the PUCCH transmission to the base station in the adjusted UL resource in the
subsequent subframe.

11A. The WTRU of item 10A, wherein the dynamically adjusting the frequency location of the UL resource and the
resending the PUCCH transmission to the base station in the adjusted UL resource are repeated for multiple sub-
frames of the plurality of subframes.

12A. The WTRU of item 9A, further comprising:

circuitry configured to resend the PUCCH transmission to the base station in the UL resource in one or more
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subsequent subframes after the first subframe.

13A. The WTRU of item 12A, wherein the number of the one or more subsequent subframes is based on the CE
level of the WTRU.

14A. The WTRU of item 9A, wherein the subframe number represents a location of the subframe within the plurality
of subframes.

15A. The WTRU of item 9A, wherein the transmission repetition number represents how many times the PUCCH
transmission has been sent to the base station in previous subframes.

16A. The WTRU of item 9A, wherein the circuitry configured to determine a frequency location of an UL resource
determines a first frequency location and a second frequency location based on the CE level of the WTRU and
selects the first frequency location based on at least one of the subframe number and the transmission repetition
number.

[0140] Although features and elements are described above in particular combinations, one of ordinary skill in the art
will appreciate that each feature or element can be used alone or in any combination with the other features and elements.
In addition, the methods described herein may be implemented in a computer program, software, or firmware incorporated
in a computer-readable medium for execution by a computer or processor. Examples of computer-readable media include
electronic signals (transmitted over wired or wireless connections) and computer-readable storage media. Examples of
computer-readable storage media include, but are not limited to, a read only memory (ROM), a random access memory
(RAM), a register, cache memory, semiconductor memory devices, magnetic media such as internal hard disks and
removable disks, magneto-optical media, and optical media such as CD-ROM disks, and digital versatile disks (DVDs).
A processor in association with software may be used to implement a radio frequency transceiver for use in a WTRU,
UE, terminal, base station, RNC, or any host computer.

Claims
1. A wireless transmit/receive unit, WTRU, comprising:

areceiver;
a transmitter; and
a processor, wherein:

the receiver and the processor are configured to receive information via radio resource control, RRC,
signaling, wherein the information received via RRC signaling includes information regarding a plurality of
physical uplink control channel, PUCCH, resources;

the receiver and the processor are further configured to receive downlink control information, DCI, wherein
the DCI indicates one of the plurality of PUCCH resources; and

the transmitter and the processor are configured to send a PUCCH transmission on at least the indicated
one of the plurality of PUCCH resources, wherein the PUCCH transmission is sent with or without frequency
hopping, wherein the with or without frequency hopping is based on the information received via RRC
signaling.

2. The WTRU of claim 1, wherein the information received via RRC signaling includes information regarding a pair of
physical resource blocks for the frequency hopping.

3. The WTRU of claim 1, wherein the information received via RRC signaling includes an indication of repetitions for
the PUCCH transmission, wherein the transmitter and the processor are further configured to repeat the PUCCH
transmission based on the indication of repetitions.

4. The WTRU of claim 1, wherein a symbol length of the PUCCH transmission is based on a format of the PUCCH.

5. The WTRU of claim 1, wherein the receiver and the processor are further configured to receive an RRC message

indicating a plurality of bandwidth portions of a system bandwidth, wherein the plurality of PUCCH resources are
for one of the bandwidth portions.
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A method implemented by a wireless transmit/receive unit, WTRU, the method comprising:

receiving information via radio resource control, RRC, signaling, wherein the information received via RRC
signaling includes information regarding a plurality of physical uplink control channel, PUCCH, resources;
receiving downlink control information, DCI, wherein the DCI indicates one of the plurality of PUCCH resources;
and

sending a PUCCH transmission on at least the indicated one of the plurality of PUCCH resources, wherein the
PUCCH transmission is sent with or without frequency hopping, wherein the with or without frequency hopping
is based on the information received via RRC signaling.

The method of claim 6, wherein the information received via RRC signaling includes information regarding a pair of
physical resource blocks for the frequency hopping.

The method of claim 6, wherein the information received via RRC signaling includes an indication of repetitions for
the PUCCH transmission, the method further comprising repeating the PUCCH transmission based on the indication
of repetitions.

The method of claim 6, wherein a symbol length of the PUCCH transmission is based on a format of the PUCCH.

The method of claim 6, further comprising receiving an RRC message indicating a plurality of bandwidth portions
of a system bandwidth, wherein the plurality of PUCCH resources are for one of the bandwidth portions.

23



EP 3 913 844 A1

s TR

SHIDMIBN
SBULO

24



EP 3 913 844 A1

102 o e
120
174 Transceiver 134
Speaker/ —  Powsr
Microphone Source
e L] us || 22
ey =
Keypad Processor Chipse
H T e “ ; i
Touchpad Peripherals
120 132
g\i@ﬂw W‘T‘ i
Removable
Removabie .
Memory
Memory

25



EP 3 913 844 A1

oL 9ld

.A SHIDMBN

B
o
M e TR Remopn Aemaien
NOd Bunieg
e gET 177
18I
o ,
AN
o SiomMgeN elon vt
MNizd

R (o i

26



UL
npgp = N —1

MBMS
MME T
M3
MCE
o, =, ’L‘vvy»./r'w.ﬂ-\‘ Fiig M2
Base
station

EP 3 913 844 A1

L

B e 11T 11111 11111 i S

FIG. 2

MBMS GW: MBMS Gateway
MCE: Multi-Cell/Multicast Coordination Entity

M1: user plane interface
M2: E-UTRAN internal control plane interface
M3: control plane interface between E-UTRAN and EPC

FIG. 3

27



EP 3 913 844 A1

0y
N\

B2JN0SELHIONd YeadAL

dreuons aun

r YOb

¥ "Old

0= H¥dy

¢ =u

AW E

W d e W

e e R e i o D | heie ek 0N e el

‘“VAKE f’ja A ‘3 BU

¢ OV

0¥

28



EP 3 913 844 A1

805 {

209
N

3UN0sA HO0Nd g-adAl

ey

=

aluelans Bup

- $0€

I

G 'Old

A, Ay, LT
S

Hy

b=

B SBUIBLANS DU -t e
0= d¥dy 1= Co=w
. = =

oW E E

P

G s il iy e e e

N PR e

,,,,,,,,,,,,,,,,,,,,,,,

e, Wik e i e e

oW & e

N = H¥dy

- ¥0S

90¢%

29



EP 3 913 844 A1

9 'Old

c09
N

B3INGSA Haofd eadAy

e AL DL NG e i iciees A BUIBLIG wsersroidine

= o= o Hildyy

c=w | =W

e NG PRINGE Yt

i i R e A A i i i

LA N CRNE S S A T S O U S N G R

809 - 09

i m. Sipeer m S Nﬂ e - ﬂw‘?« _ iy,

A PEONDE Y

¢l9 019

30



EP 3 913 844 A1

20,

L Old

R BT R

o

ERINosal HOONd-1

; O ;N;‘,m&: :

!‘f\@ F}a:.np L]

TRANOSR HINEDT

S ﬁﬂnhm‘&

o

904

N\

S BB OIS AU s b,

0

=

Co= il

7

—

,,,,,,,,,,,,,,,,,,,

<04

[=

= H¥dy

0L

¥ooF 9w e

v0.

Y 57w H¥d;
HUA u

31



10

15

20

25

30

35

40

45

50

55

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

EP 3 913 844 A1

Application Number

EP 21 17 1805

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate,

Relevant CLASSIFICATION OF THE

of relevant passages

to claim

APPLICATION (IPC)

X

EP 2 437 401 Al (PANASONIC CORP [JP])
4 April 2012 (2012-04-04)

* paragraphs [0039], [0040],
[0119], [0207], [0268] *

[0118],

W0 20137173673 A2 (QUALCOMM INC [US])
21 November 2013 (2013-11-21)
* paragraphs [0081], [0082],
[0096], [0102] *

[0095],

"3rd Generation Partnership Project;
Technical Specification Group Radio Access
Network; Study on provision of low-cost
MTC UEs based on LTE; (Release 12)",

3GPP DRAFT; R1-132798 3GPP_TR 36.888, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE

17 July 2013 (2013-07-17), XP050719772,
Retrieved from the Internet:
URL:http://www.3gpp.org/ftp/tsg_ran/WG3 Iu
/TSGR3_81/LSin/

[retrieved on 2013-07-17]

* sections 6.2.1, 6.2.2.4, 9.5.5.1 *

US 2013/064119 Al (MONT0JO JUAN [US] ET
AL) 14 March 2013 (2013-03-14)

* paragraphs [0045], [0058] - [0060],
[0073], [0074], [0080], [0081], [0086]
*

The present search report has been drawn up for all claims

1-10

1-10

1-10

1-10

INV.
HO4L5/00

TECHNICAL FIELDS
SEARCHED (IPC)

HOAL

Place of search

The Hague

Date of completion of the search

7 October 2021

Examiner

Orozco Roura, Carles

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

32




EP 3 913 844 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 21 17 1805

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

07-10-2021
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2437401 Al 04-04-2012 CA 2761636 Al 02-12-2010
CN 102449921 A 09-05-2012
CN 103957030 A 30-07-2014
EP 2437401 Al 04-04-2012
JP 5538378 B2 02-07-2014
JP 5801438 B2 28-10-2015
JP 2014168279 A 11-69-2014
JP W02010137341 Al 12-11-2012
KR 20120039520 A 25-04-2012
MY 156614 A 15-03-2016
RU 2011148358 A 10-07-2013
US 2012057449 Al 08-03-2012
US 2014177580 Al 26-06-2014
US 2015055618 Al 26-02-2015
WO 2010137341 Al 02-12-2010
ZA 201108680 B 27-02-2013
WO 2013173673 A2 21-11-2013  CN 104380820 A 25-02-2015
CN 111835493 A 27-10-2020
EP 2853127 A2 01-04-2015
EP 3740010 Al 18-11-2020
ES 2820652 T3 21-04-2021
HU E050642 T2 28-12-2020
KR 20150013722 A 05-02-2015
US 2013322363 Al 05-12-2013
WO 2013173673 A2 21-11-2013
US 2013064119 Al 14-03-2013 CN 103828457 A 28-05-2014
CN 107071838 A 18-08-2017
EP 2756725 A2 23-07-2014
EP 3767989 Al 20-01-2021
ES 2834316 T3 17-06-2021
JP 6271607 B2 31-01-2018
JP 6462074 B2 30-01-2019
JP 2014530540 A 17-11-2014
JP 2016119683 A 30-06-2016
JP 2018038042 A 08-03-2018
KR 20140062149 A 22-05-2014
KR 20160039689 A 11-04-2016
KR 20160039690 A 11-04-2016
KR 20160137666 A 30-11-2016
US 2013064119 Al 14-03-2013
US 2016088592 Al 24-03-2016
US 2019394755 Al 26-12-2019
WO 2013040221 A2 21-03-2013

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

33




	bibliography
	abstract
	description
	claims
	drawings
	search report

